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(57) ABSTRACT

A graphics processing unit and associated graphics process-
ing method are provided. The graphics processing unit
includes: an execution unit, for performing shader execution
and texture loading; a fixed-function unit, for executing a
graphics rendering pipeline; a memory-access unit; a texture
unmt, for reading texture data from a memory via the
memory-access unit according to the data requirement of the
execution unit or the fixed-function unit; and a command
stream parser, for receiving a draw command from a display
driver, and transmitting the draw command to the execution
unit or the fixed-function umt to perform graphics process-
ing according to the type of draw command. When the
command stream parser determines that the draw command
1s a specilic draw command, the command stream parser
transmits the draw command only to the fixed-function unit
to perform graphics processing, and turns ofl power to the
execution unit.
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LOW-POWER GRAPHICS PROCESSING
USING FIXED-FUNCTION UNIT IN
GRAPHICS PROCESSING UNIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of China Patent Applica-
tion No. 201510366715.3, filed on Jun. 29, 2015, the
entirety ol which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a graphics processing
unit, and, 1n particular, to a graphics processing unit and an
associated graphics processing method capable of using a
specific draw command to reduce power consumption of an
execution unit 1 the graphics processing unit.

Description of the Related Art

With advances i1n technology, mobile devices have
become more and more popular, and smartphones play an
important role in our daily lives. However, the charging
capability of the battery 1n a smartphone 1s a very important
topic, and thus designers have to develop various methods to
reduce power consumption of the smartphone.

In the smartphone, the graphics processing unit (GPU) 1s
a very important computation component. Generally, the
power consumption of the GPU 1s very high, and thus the
power consumption of the GPU should be reduced as much

as possible to increase the battery service time of the
smartphone.

BRIEF SUMMARY OF THE INVENTION

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.

In an exemplary embodiment, a graphics processing unit
1s provided. The graphics processing unit comprises: an
execution umt, for performing shader execution and texture
loading; a fixed-function unit, for executing a graphics
rendering pipeline; a memory-access unit; a texture unit, for
reading texture data from a memory via the memory-access
unit according to the data requirements of the execution unit
or the fixed-function unit; and a command stream parser, for
receiving a draw command from a display driver, and
transmitting the draw command to the execution unit or the
fixed-function unit to perform graphics processing accord-
ing to the type of draw command. When the command
stream parser determines that the draw command i1s a
specific draw command, the command stream parser trans-
mits the draw command only to the fixed-function unit to
perform graphics processing, and turns ofl power to the
execution unit.

In another exemplary embodiment, a graphics processing,
method for use 1 a graphics processing unit 1s provided. The
graphics processing unit comprises an execution unit for
performing shader execution and texture loading, and a
fixed-function umit for executing a graphics rendering pipe-
line. The method comprises the steps of: determining
whether a draw command received by the graphics process-
ing unit from a display driver 1s a specific draw command;
and when 1t 1s determined that the draw command 1s a
specific draw command, transmitting the draw command
only to the fixed-function unit to perform graphics process-
ing, and turning off power to the execution unit.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 1s a block diagram of a computer system 1n a
portable device 1n accordance with an embodiment of the
invention;

FIG. 2 1s a block diagram of the computer system of the
portable device 1n accordance with another embodiment of
the 1nvention; and

FIG. 3 1s a flow chart of a graphics processing method 1n
accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The following description 1s of the best-contemplated
mode of carrying out the invention. This description 1s made
for the purpose of illustrating the general principles of the
invention and should not be taken 1n a limiting sense. The
scope of the invention 1s best determined by reference to the
appended claims.

FIG. 1 1s a block diagram of a computer system in a
portable device 1n accordance with an embodiment of the
invention. As shown i FIG. 1, the computer system 100
comprises a central processing unit (CPU) 110 and a graph-
ics processing unit (GPU) 120, wherein the GPU 120 and the
display driver 111 executed by the CPU 110 supports the
OpenGL ES standard. The GPU 120 comprises a comman
stream parser 130, an execution unit 140, a fixed-function
unit 150, a texture unit 160, and a memory-access unit 170.
The command stream parser 130 of the GPU 120 receives a
draw command from the display driver 111 executed by the
CPU 110 of the computer system 100, and the command
stream parser 130 directly transmits the received draw
command to the execution unit 140. The execution unit 140
performs graphics processing tasks such as shader execution
and texture loading. The fixed-function unit 150 1s config-
ured to perform calculations 1n the graphics rendering pipe-
line, such as rasterization, depth test, etc. The texture unit
160 reads texture data required by the execution unit 140
from the memory via the memory-access umt 170.

In an embodiment, the execution unit comprises a vertex
shader 141, a pixel shader 142, a plurality of arithmetic logic
unmts (ALU) 143, an instruction cache 144, and a common
register file. The vertex shader 141 i1s configured to build
triangles or polygons according to vertex information of the
object to be displayed. The pixel shader 142 1s configured to
process each pixel and alternate associated color compo-
nents according to color characteristics. For example, the
pixel shader 142 may determine the color value for reflec-
tion or mirroring, and transparency value according to the
position of the light source and the normal line of the vertex.
The ALU units 143 perform various calculations associated
with the draw command. The nstruction cache 144 stores
the instructions associated with the draw command. The
common register {ile 145 1s configured to store the graphics
data to be transmitted to the fixed-function unit 150 and the
texture data read by the texture unit 160.

The fixed-Tunction umt 150 comprises a rasterization unit
151, an interpolation unit 152, a depth-test unit 133, a
write-back unit 154, and a cache memory 1355. Specifically,
when the vertex shader 141 has completed shader process-
ing, the vertex shader 141 transmits the processed graphics
data to the rasterization umt 151 of the fixed-function unit
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150 to perform rasterization. The graphics data processed by
the rasterization unit 151 are transmitted to the common
register file 145 of the execution unit 140 through the
interpolation unit 152. The pixel shader 142 performs pixel
shading on the rasterized graphics data stored in the com-
mon register file 145, and the shaded pixel data will be
transmitted to the depth-test unit 153 of the fixed-function
unit 150 to perform a depth test. Then, the write-back unit
154 performs blending on the depth-tested pixel data, and
stores the picture data to be displayed in a display memory
through the cache memory 1355 via the memory-access unit
170.

It should be noted that only the execution unit 140 has an
interface to communicate with the fixed-function unit 150
when processing a common draw command, and the execu-
tion unit 140 should always be turned on.

FIG. 2 1s a block diagram of the computer system of the
portable device 1n accordance with another embodiment of
the invention. Referring to FIG. 2, another procedure to
process the graphics data 1s disclosed. It should be noted that
some data paths and control paths 1 FIG. 1, which are
drawn 1n dashed lines, are not used in FIG. 2. In another
embodiment, the CPU 110 analyzes the pictures being
displayed by each application running on the portable
device, and categorizes diflerent fixed patterns for shaders,
texture loading, and blending. For example, the vertex bufler
(not shown) and the vertex shader 141 are relatively simple
in some specific conditions, such as using big triangles with
simple transformation and a few basic texture loading opera-
tions. In addition, the pixel shader 142 only performs some
basic blending operations in the aforementioned specific
conditions, and these basic blending operations can be
converted to frequently used functions by the fixed-function
unit 150.

Specifically, the display driver 111 executed by the CPU
110 determines whether the draw command and the blending
mode corresponding to the picture to be displayed by the
application meet the aforementioned specific conditions,
such as determining whether the draw command and the
blending mode belong to some primitive types or some
specific attribute binding patterns. If so, the display driver
111 executed by the CPU 110 converts the common draw
command designed for execution by the execution unit 140
to a specific draw command which can be directly executed
by the fixed-function unit 150, and transmits the specific
draw command to the graphics processing unit 120. When
the command stream parser 130 has received the specific
draw command from the display driver 111, the command
stream parser 130 directly transmits the specific draw com-
mand only to the fixed-function unit 150. Meanwhile, sub-
sequent graphics processing are executed by the fixed-
function unit 150, and the command stream parser 130
turther turns ofl power to the execution unit 140 to reduce
power consumption.

Specifically, when the display driver 111 1s to convert the
common draw command designed for execution by the
execution unit 140 to the specific draw command being
directly executed by the fixed-function unit 150, the display
driver 111 encodes the screen coordinates, color informa-
tion, and texture coordinates to the specific draw command.
Accordingly, the rasterization unit 151 of the fixed-function
unit 150 may perform rasterization on the data in the specific
draw command. Then, the color information 1s output to the
write-back unit 154 after interpolation by the interpolation
unit 152. The texture coordinates are output to the texture
unit 160 after interpolation by the interpolation umt 152. The
texture unit 160 performs texture sampling and filtering to
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4

generate texture data, and transmits the texture data to the
write-back unit 154. In addition to interpolating texture
coordinates, the interpolation unit 152 may also perform
interpolation on other attributes.

The write-back unit 154 synchronously receives data from
the interpolation unit 152 and the texture unit 160, and
performs blending calculations according to the blending
mode designated by the display driver 111. At last, the
write-back unit 154 writes the blended graphics data to the
display memory through the cache memory 1355 via the
memory-access unit 170.

FIG. 3 1s a tlow chart of a graphics processing method 1n
accordance with an embodiment of the invention. In step
5310, 1t 1s determined whether a draw command received by
the CPU 120 from the display driver 111 1s a specific draw
command. In step S320, when it 1s determined that the draw
command 1s a specific draw command, transmitting the
specific draw command only to the fixed-function unit 150
to perform graphics processing, and the power to the execu-
tion unit 140 1s turned ofl.

In view of the above, a graphics processing unit, and an
associated graphics processing method are provided in the
invention. When the picture to be displayed matches a
specific type, the display driver converts the draw command
into a specific draw command executed by the fixed-func-
tion unit, and the power to the execution unit 1s turned ofl by
the command stream parser 130 to reduce power consump-
tion.

While the mvention has been described by way of
example and 1n terms of the preferred embodiments, 1t 1s to
be understood that the invention 1s not limited to the
disclosed embodiments. On the contrary, 1t 1s mntended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A graphics processing unit, comprising:

an execution unit, for performing vertex shading, pixel
shading, and texture loading;

a fixed-function unit, for executing a graphics rendering,
pipeline;

a memory-access unit;

a texture umt, for reading texture data from a memory via
the memory-access unit according to data requirement
of the execution unit or the fixed-function unit; and

a command stream parser, for recerving a draw command
from a display driver, and transmitting the draw com-
mand to the execution unit or the fixed-function unit to
perform graphics processing according to type of draw
command, wherein the type of draw command 1s one of
a specific draw command and a common draw com-
mand;

wherein when the command stream parser determines that
the draw command 1s a specific draw command, the
command stream parser transmits the draw command
only to the fixed-function unit to perform graphics
processing, and turns ofl power to the execution unit,

wherein when the command stream parser determines that
the draw command 1s a common draw command, the
command stream parser transmits the draw command
to the execution unit,

wherein when the display driver determines that the draw
command and a blending mode of an image to be
displayed belong to specific primitive types, the display
driver converts the draw command from a common
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draw command to a specific draw command which can
be directly executed by the fixed-function umt, and
transmits the specific draw command to the graphics

processing unit.

2. The graphics processing unit as claimed i claim 1,
wherein the specific draw command comprises screen coor-
dinates, color information, and texture coordinates of an area
to be displayed.

3. The graphics processing unit as claimed 1n claim 1,
wherein when the draw command 1s the common draw
command, the command stream parser activates the execu-
tion unit to perform graphics processing together with the
fixed function unait.

4. The graphics processing unit as claimed 1n claim 2,
wherein the fixed-function unit comprises:

a rasterization unit, configured to perform rasterization on
first graphics data of the specific draw command to
generate second graphics data;

an interpolation umt, configured to perform interpolation
on the texture coordinates and transmit the interpolated
texture coordinates to the texture unit to perform tex-
ture sampling and filtering to generate third graphics
data;

a depth-test unit, configured to perform a depth test on the
second graphics data; and

a write-back unit, configured to perform blending on the
third graphics data and the color information from the
interpolation unit to generate output display data, and
writes the output display data to a display memory via
the memory-access unit, wherein, the interpolation unit
can also perform interpolation on other attributes.

5. A graphics processing method for use in a graphics
processing unit, wherein the graphics processing unit com-
prises an execution unit for performing vertex shading, pixel
shading and texture loading, and a fixed-function unit for
executing a graphics rendering pipeline, the method com-
prising:

determining whether a draw command received by the
graphics processing unit from a display driver 1s a
specific draw command or a common draw command;
and

when 1t 1s determined that the draw command 1s a specific
draw command, transmitting the draw command only
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to the fixed-function unit to perform graphics process-
ing, and turning ol power to the execution unit,

when 1t 1s determined that the draw command received by
the graphics processing unit from the display driver 1s
a common draw command, transmitting the draw com-
mand to the execution unit to perform graphics pro-
cessing, and

wherein when the display driver determines that the draw
command and a blending mode of an 1mage to be
displayved of the draw command belong to specific
primitive types, the display driver converts the draw
command from a common draw command to a specific
draw command which can be directly executed by the
fixed-function unit, and transmits the specific draw
command to the graphics processing unit.

6. The method as claimed 1n claim 5, wherein the specific
draw command comprises screen coordinates, color infor-
mation, and texture coordinates of an area to be displayed.

7. The method as claimed in claim 5, when 1t 1s deter-
mined that the draw command 1s a common draw command,
the command stream parser activates the execution unit to
perform graphics processing together with the fixed function
unit.

8. The method as claimed claim 5, wherein the fixed-
function unit comprises:

a rasterization unit, configured to perform rasterization on
first graphics data of the specific draw command to
generate second graphics data;

an nterpolation unit, configured to perform interpolation
on the texture coordinates and

transmit the interpolated texture coordinates to the texture
unit to perform texture sampling and filtering to gen-
erate third graphics data;

a depth-test unit, configured to perform a depth test on the
second graphics data; and

a write-back unit, configured to perform blending on the
third graphics data and the color information from the
interpolation unit to generate output display data, and
writes the output display data to a display memory via
the memory-access unit,

wherein, the interpolation unit can also perform interpo-
lation on other attributes.
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